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Abstract (250 word limit) 
Introduction: Approaches to economic evaluations of stroke therapies are varied and 
inconsistently described. An objective of the European Stroke Organisation (ESO) Health 
Economics Working Group is to standardise and improve the economic evaluations of 
interventions for stroke. 
Methods:  
The ESO Health Economics Working Group and additional experts were contacted to 
develop a protocol and a guidance document for data collection for economic evaluations of 
stroke therapies. A modified Delphi approach, including a survey and consensus processes, 
was used to agree on content. We also asked the participants about resources that could be 
shared to improve economic evaluations of interventions for stroke. 
Results: Of 28 experts invited, 16 (57%) completed the initial survey, with representation 
from universities, government, and industry. More than half of the survey respondents 
endorsed 13 specific items to include in a standard resource use questionnaire. Preferred 
functional/quality of life outcome measures to use for economic evaluations were the 
modified Rankin Scale (14 respondents, 88%) and the EQ-5D instrument (11 respondents, 
69%). Of the 12 respondents who had access to data used in economic evaluations, 10 (83%) 
indicated a willingness to share data. A protocol template and a guidance document for data 
collection were developed and are presented in this manuscript. 
Conclusion: The protocol template and guidance document for data collection will support a 
more standardised and transparent approach for economic evaluations of stroke care.  
 
Key words: stroke, economic evaluation, health policy, health outcomes, modified Rankin 
Scale, EuroQol  
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Introduction 
Interventions for stroke need to be evaluated for their cost-effectiveness, as well as their clinical 
effectiveness. Several countries now incorporate results of health-economic analyses as part of 
their national clinical guidelines for stroke.1, 2 A paucity of published cost-effectiveness studies 
means that very few clinical recommendations in these guidelines have information about the 
value of treatments. Comparability and translation of economic evaluation results are 
complicated by variability of study methods and differences in health care system organization 
and expenditure across national and regional settings.3 Another limitation is that the quality of 
studies varies between studies.4 Therefore, with the growing number of interventions becoming 
available to prevent or treat stroke, it is important to standardise and improve the methods for 
conducting cost-effectiveness studies in stroke. 
 
While checklists exist for the reporting of economic evaluations, no guidance is provided 
regarding collection of data on resource use or costs. In addition, existing recommendations 
for health-related economic evaluations are generic and do not provide guidance specifically 
for research related to patients with stroke. The European Stroke Organisation (ESO) Health 
Economics Working Group had its first meeting in 2015 to discuss the standardisation of health 
economic methods for future clinical trials,3 and was formally established in 2016 with broad 
aims of compiling and developing resources to facilitate economic evaluations of stroke 
therapies (Table 1). In this manuscript, we give recommendations for a more standardised and 
transparent method for economic evaluations of stroke care. 
 
Methods 
The ESO Health Economics Working Group was established in 2015 after discussion among 
53 ESO members who had experience with economic evaluations of stroke therapies. Of the 
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53 experts, 10 were nominated as members of the executive group, while a further 14 were 
retained as corresponding members.  
 
The working group used a modified Delphi technique for the present project.5 At the annual 
meeting at the ESO Conference in Prague in 2017, the participants agreed on a survey, which 
was distributed to 28 experts in economic evaluations of stroke therapies, including the 
members of the ESO Health Economics Working Group. The core questions in the survey 
focused on protocols for economic evaluations and the data collected for economic evaluations 
(see Online Supplement). The survey also included questions about resources that could be 
shared to improve economic evaluations in stroke research, including access to existing 
datasets and models used for economic evaluations. 
 
Based on the responses from the survey, a protocol template and a guidance document for data 
collection were developed. These materials were further refined prior to presentation at the 
annual meeting at the ESO Conference in Gothenburg in 2018, where the materials were 
reviewed and consensus on the content was reached by the working group. 
 
Results 
The survey was sent to the 26 working group members and two other researchers nominated 
by the working group for their specific expertise. Of the 28 people invited to participate in the 
survey, 16 responded, of which seven worked at universities or hospitals, two in government, 
two in industry and five did not provide their affiliations or occupation.  
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Use of standard protocols 
Of the 16 respondents, 13 did not use a standard template for economic evaluation protocols 
(81%). However, five (31%) used a checklist to guide the development of their protocols. 
Respondents used the Consolidated Health Economic Evaluation Reporting Standards 
(CHEERS),6 the Drummond checklist7 and the National Institute for Health and Care 
Excellence (NICE) guidelines for England to guide development of protocols.8 The protocol 
items suggested by the respondents are outlined in Figure 1.  
 
Use of questionnaires to capture resource use 
Fifteen respondents did not have a standard resource use questionnaire for economic 
evaluations (94%). Respondents indicated their support for items to be included in a standard 
questionnaire to capture resource use (Figure 2). At least 50% of respondents supported 
inclusion of 13 suggested items for a standard resource use questionnaire. Other suggested 
items compiled from the open text responses were: outpatient procedures, diagnostic tests, 
transport between hospitals, distance to care provider, and income. When asked about the level 
of detail required for the data collected, it was suggested that when collecting information about 
consultations/services provided by health professionals, the number of consultations, type of 
provider, duration, and out-of-pocket costs were important. When collecting information about 
medications, it was suggested that researchers could collect the broader categories of 
medications used by patients (e.g. antihypertensive, antithrombotic). The importance of 
tailoring the data collection was emphasised, and it was suggested that the amount of detail 
collected should depend on whatever helps to quantify the important drivers of cost relevant to 
that study.  
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Estimating resource use from routinely collected data 
The majority of respondents indicated that they estimated resource use based on stroke type 
(n=11, 69%), discharge destination (n=10, 63%) or by first ever or recurrent stroke (n=9, 56%). 
Other clinical or demographic data that could be used to estimate resource use included time 
since stroke, modified Rankin Scale9 (mRS) at discharge and 90 days, age, sex, comorbidities 
(e.g. atrial fibrillation) and the National Institute of Health Stroke Scale10 (NIHSS) score. 
 
Patient outcomes  
The most popular outcome measure for economic evaluations of stroke therapies were the 
mRS9, 11 (n=14, 88%) followed by the EQ-5D instrument12 (n=11, 69%). Other outcome 
measures included the Stroke Impact Scale,13 Assessment of Quality of Life14 (AQoL) and the 
Barthel Index.15, 16 All respondents indicated that they collected the mRS as an ordinal scale. 
An advantage of the mRS was having published literature on the direct costs for each category 
which is useful for studies where it has not been possible to collect data on resource 
utilisation/costs directly from participants. An advantage of health-related quality of life 
measures, like the EQ-5D and the AQoL, is that they can generate utility values that can directly 
enter into calculations of quality-adjusted life years (QALYs). The mRS and Barthel Index can 
be converted to utility values to serve this purpose, although the assigned utility scores are less 
granular than with direct quality of life measures.17, 18 
 
Sharing available resources and data for economic evaluations 
There were 11 respondents (69%) who indicated that they had access to datasets used for 
economic evaluations. The scope of data was broad and included data from clinical trials 
(acute, subacute and community-based intervention studies), administrative data, national 
registry data or cost data.  
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Of the 11 respondents who had access to existing economic evaluations data, 9 (82%) replied 
that they were willing to share data and 9 (90%, 1 missing response) indicated that permission 
to use the data would be needed, as well as funding to cover any administrative expenses (e.g. 
formatting the data). The issue of needing ethical approvals for secondary use of the data and 
the importance of acknowledging the original source of the data was expressed.  
 
Models for economic evaluations  
The short duration of clinical trials and the long term consequences of stroke renders modelling 
almost inevitable since economic evaluations based upon trial results would not capture fully 
the benefits or harms of interventions. Eight of the respondents (50%) indicated that they had 
previously used models for economic evaluations, including Markov models, partition survival 
modelling and discrete event simulation. Several were developed in Microsoft Excel with and 
without add-on software and with different levels of sophistication (Visual Basic for 
Applications coding). The use of software such as TreeAge, SAS, R and Stata for developing 
models was also mentioned. 
 
Final protocol template and guidance document for collecting resource use and cost data 
Table 2 includes the items that were agreed for a protocol template for economic evaluations 
of stroke therapies, and Table 3 includes information to guide data collection on resource use. 
In Table 3 we highlight the importance of estimating the additional costs of the intervention, 
which would include items such as the cost of therapists and support staff, training and 
education, equipment, medication or facility costs. Estimating the costs of the intervention may 
be complex, and this must be considered in the data collection. For example, the costs of a 
novel treatment with a large capital outlay may be more obvious than subtle adaptations to 
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existing care pathways. It was noted that evidence from process evaluations would assist with 
informing the costs to include.  
 
 
Discussion 
In this article, we have presented a consensus-based protocol template and a guidance 
document for the collection of resource use data that can be used for economic evaluations of 
stroke therapies internationally. We recommend using these tools in addition to the generic 
guidelines for conducting and reporting economic evaluations. To support use in practice, two 
examples of economic evaluations of stroke therapies that have been summarised using our 
protocol template have been provided in the online supplement and Supplemental Table I.  
 
In addition to the resources we have developed to improve the quality of economic evaluations 
of stroke interventions, participants supported the collection of information that will enable 
comparison of studies. Providing information on case mix and stroke severity of participants 
(e.g. the National Institute of Health Stroke Scale scores) would also assist with comparison 
between economic evaluations. Researchers should also consider reporting information on the 
structure of healthcare systems and hospitals, particularly for multi-country studies. In 
intensive care studies, the Therapeutic Intervention Scoring System (e.g. TISS-28) is 
recommended as a way to standardise costs between countries.19 A similar tool for stroke care 
could be developed for stroke as an extension of our current work. In the A Very Early 
Rehabilitation Trial (AVERT), the data collection instruments were tailored to different study 
centres in Australia, Asia and the United Kingdom.20 Reporting cost base years, currencies, 
inflation indices/rates and currency exchange indices/rates is recommended in generic 
guidelines for reporting economic evaluations. Adhering to this recommendation would permit 
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researchers to assess the comparability and generalisability of economic evaluations across 
settings.  
 
Standardising the time horizons and perspectives would also assist with comparison of results. 
When conducting studies using long-term time horizons, results for shorter-term time horizons 
could also be reported. The perspectives of studies are often limited to direct inpatient costs 
(hospital or rehabilitation) although post-hospital healthcare (community) and societal costs 
(broader than just the health sector impacts) are as important. The costs of long-term care and 
support are also important, especially in evaluations of interventions that affect disability after 
stroke. For example, early after stroke, hospitalisation and rehabilitation would be considered 
as essential since these are major contributors to costs in the first year after stroke.21, 22 In the 
longer-term, there is evidence that residential aged care facilities and informal care comprise 
the majority of costs.23, 24 Therefore, we recommend researchers report the type of costs 
incurred (e.g. hospital, community health services, gains/losses to productivity) and the time 
point at which these costs were incurred. For longer term economic evaluations societal costs 
must be captured to have meaningful results. Effects on household productivity (e.g. cooking, 
cleaning, gardening and caring for family members) may also be considerable in older cohorts 
or for women,25 but this is typically overlooked in health technology assessments. Reporting 
informal care quantities, valuation approaches and costs are recommended to enable alternative 
valuations to be estimated if necessary. In other fields, questionnaires that can be used to collect 
indirect costs (carers’ time and indirect consequences on carers’ health) have been validated.26 
 
Participants acknowledged that a comprehensive economic evaluation may require multiple 
overlapping data collection methods to be used. This could include direct measurement of 
healthcare resource use from registries or hospital billing systems to allow for standardised 
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capture of all given care, a detailed evaluation of workforce time spent with the patient to add 
accuracy to measuring a specific care component, and the administration of patient/caregiver 
questionnaires to collect data on informal care, lost productivity and any health or social care 
resource use (societal costs) which is not accessible from routine records. The possibility of 
data linkage for the purposes of economic evaluations should be explored given there are 
inaccuracies with self-reported data and the potential for recall bias especially when there are 
long delays in between follow-up assessments.22 Ideally, data collected to estimate costs should 
be traceable to routinely collected information in registries and administrative databases. 
Information about resource use prior to stroke can also be obtained through data linkage in 
order to quantify stroke-specific costs (i.e. increase in resource use after stroke). In addition, 
data linkages with clinical quality registries can make it possible to obtain patient reported 
outcomes at routine follow-up assessments. For example, by linking to the Australian Stroke 
Clinical Registry mRS and health-related quality of life using the EuroQol-5 dimension-3 level 
questionnaire collected at 90 and 180 days after stroke would be available.27 However, the time 
delays in obtaining linked data and their complexity to analyse needs careful consideration 
when planning studies.28 
 
The participants recognised the potential value of having data repositories or directories of data 
custodians and existing protocols, datasets, questionnaires and models that might be shared and 
adapted. Once available, having access to these resources will expedite economic evaluations 
of stroke therapies and facilitate comparability between studies. Processes to seek permission 
to access these resources, in compliance with relevant information governance legislation and 
frameworks, remain to be developed. However, improved accessibility is likely to emerge over 
time from wider movements towards open access to research data.  
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Our process for achieving the outcomes of this work in seeking to improve economic 
evaluations undertaken within the field of stroke may be an exemplar for other speciality fields 
within health. We acknowledge that in the final review we took a pragmatic approach to finalise 
the outstanding decisions within the executive committee, and this may be considered a 
limitation of the consensus process. 
 
Summary 
The ESO Health Economic Working Group aims to standardise and improve the methods of 
health-economic evaluations of stroke therapies. The resources that were developed and 
presented in this paper will facilitate these aims and ultimately contribute to the development 
of evidence-based clinical guidelines to improve patient care.  
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Table 1. Actions suggested for the working group 
Compiling existing resources for economic evaluation 
1. Develop a directory of health-economic models, protocols and questionnaires 
2. Investigate processes required to identify and share such resources  
3. Identify manuals for health technology assessment in each country 
Development of resources for the standardisation of economic evaluations 
1. Develop a protocol template for health-economic evaluations in stroke  
2. Develop a common model 
3. Develop a data collection questionnaire template with recommendations for essential, 
recommended and elective categories of variables  
4. Develop recommendations on how data should be systematically collected 
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Table 2. Protocol template 
Item Detail required or examples 
Population and setting Country/region 
Sub-groups of patients with stroke 
Organisational structure (private/public)  
Care pathways 
Research question E.g. to determine/estimate the cost-effectiveness of intervention 
compared to comparator/control group 
 
Outcomes 
 
The outcome that is used for the cost-effectiveness measure 
Questionnaire used to estimate quality of life 
Treatment groups 
 
Intervention groups 
Comparator/control groups 
 
Perspective Health service 
Patient 
Societal 
Direct/indirect 
 
Study design / data source Alongside RCT 
Model-based economic evaluations using data from multiple sources 
Economic study design Cost benefit 
Cost effectiveness 
Cost utility 
Budget impact analysis 
 
Economic model E.g. model assumptions, model name and reference in literature 
 
Reference year E.g. Year and inflation/deflation. Source for adjusting costs 
 
Time horizon Assumptions made for modelling longer-term costs and outcomes 
 
Discounting Nationally recommended – usually 3% or 5% 
Resource use collected E.g. Hospital readmissions, family physician contacts 
• Delivery of the intervention and justification for inclusion 
• If used, the method of estimating resource use based on clinical or 
demographic details of participants and the reference in literature 
 
Data collection methods Administrative data 
Patient self-report via survey 
 
Sub-group analysis Stroke type 
Hospital type (private/public) 
 
Sensitivity analysis Monte Carlo simulation (multivariable) 
One-way sensitivity 
Scenario analysis 
 
Funder Government 
Industry 
Private insurance 
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Table 3. Resource use data collection guidance 
Variables Data collection guidance 
Additional costs of treatment This should be the costs of delivering the new treatment that are above and beyond a comparator treatment or usual care 
Data collection to be considered for studies using a health care sector perspective* 
Transport Transport between hospital (e.g. transfer to a centre providing reperfusion) or from home, type of vehicle 
Rehabilitation Inpatient or outpatient rehabilitation, number of sessions, length of stay, specific services and procedures provided while in 
rehabilitation (e.g. assessment of impairment) 
Hospital presentations Number of presentations, type of presentation (e.g. emergency department or admission), dates or length of stay, specific 
services and procedures provided while in hospital (e.g. reperfusion) 
Respite care Number of times used, length of stay 
Medications Type of medications (e.g. antihypertensive medications), number of medications, dose, time on medication 
Change in residence and living 
arrangements 
Information to capture changes in residence as this is an indicator of independence that affects costs (e.g. costs of moving to 
an aged care facility may be applied) 
Home modifications Type of home modifications and out-of-pocket costs (e.g. for the installation of ramp to home) 
Aids and equipment Type of aids and equipment and out-of-pocket costs (e.g. for a walking frame) 
Community services Type of service, number of times provided and out-of-pocket costs 
Family physician contacts Number of contacts, other associated services (e.g. practice nurse) and out-of-pocket costs 
Specialist contacts Type of specialist, number of contacts and out-of-pocket costs 
Private therapy Type of therapy, number of contacts and out-of-pocket costs 
Diagnostic tests Type of tests, number of tests and out-of-pocket costs 
Data collection to be considered for studies using a societal perspective 
Employment/volunteer work Type of work and hours, income and change since stroke 
Carer employment/volunteer work Type of work and hours, income and change since stroke 
Household productivity Type of activity and hours and change since stroke (e.g. cleaning, cooking, gardening, caring for family members) 
Leisure time Type of activity and hours and change since stroke 
Additional items to consider 
Clinical assessments at baseline These should be clinical assessments that can be used to estimate costs (e.g. modified Rankin Scale) 
Clinical outcomes after treatment These should be clinical assessments that can be used to estimate costs (e.g. modified Rankin Scale) 
* Collecting data on the utilisation of health services can be labour intensive. Limiting data collection to certain categories of resource use and types of resources 
should be justified. 
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Figure 1. Support for the inclusion of items in a standard health-economic evaluation 
protocol in stroke 
 
 
Figure 2. Support for the inclusion of suggested items on a standard resource use 
questionnaire in stroke 
  
75%
69%
69%
88%
94%
63%
88%
75%
81%
94%
100%
88%
81%
94%
81%
94%
0% 20% 40% 60% 80% 100% 120%
Funder
Sensitivity analysis
Subroup analysis
Data collection methods
Costs collected
Discounting
Time horizon
Reference year
Economic model
Economic study design
Study design
Perspective
Treatment groups
Primary and secondary outcomes
Research question
Population
69%
50%
50%
38%
50%
56%
69%
69%
69%
75%
81%
88%
56%
75%
0% 20% 40% 60% 80% 100%
Medications
Carer employment/volunteer work
Employment/volunteer work
Respite care
Home modifications
Aids and equipment
Community services
Private therapy
Specialist contacts
Family physician contacts
Rehabilitation (inpatient/outpatient)
Hospital presentations
Change in living arrangements
Place of residence
 17 
References 
1. Rudd AG, Bowen A, Young G, James MA. National clinical guideline for stroke: 5th 
edition 2016. Clinical Medicine 2017. 
2. National Stroke Foundation. Clinical Guidelines for Stroke Management 2017. 
Melbourne, Australia February 2017. 
3. Wilson A, Bath PMW, Berge E, et al. Understanding the relationship between costs 
and the modified Rankin Scale: A systematic review, multidisciplinary consensus and 
recommendations for future studies. European Stroke Journal 2016;2:3-12. 
4. Craig LE, Wu O, Bernhardt J, Langhorne P. Approaches to Economic Evaluations of 
Stroke Rehabilitation. International Journal of Stroke 2013;9:88-100. 
5. Hsu C-C, Sanford BA. The Delphi Technique: Making Sense Of Consensus Practical 
Assessment, Research & Evaluation 2007;12:1-8. 
6. Husereau D, Drummond M, Petrou S, et al. Consolidated Health Economic 
Evaluation Reporting Standards (CHEERS) statement. BMJ : British Medical Journal 
2013;346. 
7. Drummond MF, Jefferson TO. Guidelines for authors and peer reviewers of economic 
submissions to the BMJ. Bmj 1996;313:275. 
8. National Institute for HEalth and Care Excellence (NICE). Guide to the methods of 
technology appraisal. Process and methods. [online]. Available at: 
http://nice.org.uk/process/pmg9. Accessed 2019. 
9. van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJ, van Gijn J. Interobserver 
agreement for the assessment of handicap in stroke patients. Stroke 1988;19:604. 
10. Lyden P, Raman R, Liu L, Emr M, Warren M, Marler J. National Institutes of Health 
Stroke Scale Certification Is Reliable Across Multiple Venues. Stroke 2009;40:2507. 
11. Lees KR, Bath PM, Schellinger PD, et al. Contemporary outcome measures in acute 
stroke research: choice of primary outcome measure. Stroke 2012;43:1163-1170. 
12. Group TE. EuroQol - a new facility for the measurement of health-related quality of 
life. Health Policy 1990;16:199-208. 
13. Duncan PW, Bode RK, Min Lai S, Perera S. Rasch analysis of a new stroke-specific 
outcome scale: the stroke impact scale<sup>1</sup>. Archives of Physical Medicine and 
Rehabilitation 2003;84:950-963. 
14. Hawthorne G, Richardson J, Osborne R. The Assessment of Quality of Life (AQoL) 
instrument: a psychometric measure of Health-Related Quality of Life. Quality of Life 
Research 1999;8:209-224. 
15. Granger CV, Dewis LS, Peters NC, Sherwood CC, Barrett JE. Stroke rehabilitation: 
analysis of repeated Barthel index measures. Arch Phys Med Rehabil 1979;60:14-17. 
16. Schellinger PD, Bath PMW, Lees KR, et al. Assessment of Additional Endpoints for 
Trials in Acute Stroke – What, When, Where, in Who? International Journal of Stroke 
2012;7:227-230. 
17. Chaisinanunkul N, Adeoye O, Lewis RJ, et al. Adopting a Patient-Centered Approach 
to Primary Outcome Analysis of Acute Stroke Trials Using a Utility-Weighted Modified 
Rankin Scale. Stroke 2015;46:2238-2243. 
18. Kaambwa B, Billingham L, Bryan S. Mapping utility scores from the Barthel index. 
Eur J Health Econ 2013;14:231-241. 
19. Miranda DR, de Rijk A, Schaufeli W. Simplified Therapeutic Intervention Scoring 
System: the TISS-28 items--results from a multicenter study. Critical care medicine 
1996;24:64-73. 
20. Sheppard L, Dewey H, Bernhardt J, et al. Economic Evaluation Plan (EEP) for A 
Very Early Rehabilitation Trial (AVERT): An international trial to compare the costs and 
 18 
cost-effectiveness of commencing out of bed standing and walking training (very early 
mobilization) within 24 h of stroke onset with usual stroke unit care. International Journal of 
Stroke 2016;11:492-494. 
21. Dewey HM, Thrift AG, Mihalopoulos C, et al. Cost of stroke in Australia from a 
societal perspective: results from the North East Melbourne Stroke Incidence Study 
(NEMESIS). Stroke 2001;32:2409-2416. 
22. Meretoja A, Kaste M, Roine Risto O, et al. Direct Costs of Patients With Stroke Can 
Be Continuously Monitored on a National Level. Stroke 2011;42:2007-2012. 
23. Gloede TD, Halbach SM, Thrift AG, Dewey HM, Pfaff H, Cadilhac DA. Long-term 
costs of stroke using 10-year longitudinal data from the North East Melbourne Stroke 
Incidence Study. Stroke 2014;45:3389-3394. 
24. Lekander I, Willers C, von Euler M, et al. Relationship between functional disability 
and costs one and two years post stroke. PLOS ONE 2017;12:e0174861. 
25. Björkdahl A, Sunnerhagen KS. Process skill rather than motor skill seems to be a 
predictor of costs for rehabilitation after a stroke in working age; a longitudinal study with a 1 
year follow up post discharge. BMC Health Serv Res 2007;7:209-209. 
26. Wimo A, Jonsson L, Zbrozek A. The resource utilization in dementia (RUD) 
instrument is valid for assessing informal care time in community-living patients with 
dementia. The journal of nutrition, health & aging 2010;14:685-690. 
27. The Australian Stroke Clinical Registry. The Australian Stroke Clinical Registry 
Annual Report 2017. The Florey Institute of Neuroscience and Mental Health. 
28. Andrew NE, Sundararajan V, Thrift AG, et al. Addressing the challenges of cross-
jurisdictional data linkage between a national clinical quality registry and government-held 
health data. Australian and New Zealand Journal of Public Health 2016;40:436-442. 
 
